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Abstract Deep energy retrofit (DER) of the existing
building stock is a meaningful strategy to reduce fossil
fuel consumption and CO2 emissions. However, the
investment volumes required to undertake DER are
enormous. In Europe, cumulative demand for DER is
estimated at close to 1000 billion EUR until 2050.
Public expenditures and political measures can help to
stimulate and guide DER, but substantial private invest-
ments are required to achieve significant results. In this
paper, we analyze the economic and financial

implications for renovating an office building to the
BPassive House^ standard. This is achieved by applying
a dynamic Life Cycle Cost & Benefit Analysis
(LCCBA) to model the cash flows (CF). The model also
includes an appraisal of debt and equity financing im-
plications, and a multi-parameter sensitivity analysis to
analyze impacts of input parameter deviations. In the
second part of the paper, we use the Bmultiple project
benefits^ (MPB) concept to identify project-based co-
benefits of DER (with a focus on productivity), to make
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the business case more attractive. Results show that the
DER project cash flow over a 25-year period achieves a
21-year dynamic payback with an IRR of below 2%.
Levelized Cost of Heat Savings is 100 EUR/MWh with
a 70% capital expenditure and 15% interest cost share.
The Loan Life Cover Ratio comes out to 1.2. To make
the business case more attractive, pecuniaryMPBs iden-
tified are increased rents, real estate values, (employee)
productivity, maintenance costs, and CO2 savings, in
addition to societal benefits. Compared to simpler eco-
nomic modeling, the dynamic LCCBA cash flow model
provides solid grounds not only for DER business case
analysis, project structuring, and financial engineering,
but also for policy design. CFs from future energy cost
savings alone are often insufficient in convincing inves-
tors. However, they can co-finance DER investments
substantially. Consideration of project level MPBs can
offer meaningful monetary contributions, and also help
to identify strategic allies for project implementation;
however, the Bsplit incentive^ dilemma requires differ-
entiation between tenants and different types of inves-
tors. Furthermore, the approach supports policy-makers
to develop policy measures needed to achieve 2050
goals.

Keywords Building deep energy retrofit . Cost benefit
analyses . Cash flow analyses . Multiple benefit .

Business case

Introduction

The energy-saving potential in the building sector is
enormous. Deep energy retrofit (DER)1 of the existing
building stock would be a meaningful strategy to reduce
fossil fuel consumption and transition toward a
decarbonized energy system. However, at current build-
ing renovation rates of below 1% per annum, it appears
to be largely under-developed. To pursue this strategy
on a level capable of achieving climate protection goals,
enormous investment volumes would be needed. For
example, in Europe, cumulative investment demand for
DER until 2050 is estimated at 937 billion EUR (present
value) in the Buildings Performance Institute Europe’s

BDeep^ scenario (BPIE 2011). This amount cannot be
financed from public sectors alone and will require
substantial private sector engagement. A similar situa-
tion can be assumed for many other parts of the
Bdeveloped^ world.

If the assumption for the necessity of more private
sector involvement is true, a thorough understanding of
the economic and financial implications of DER project
cash flows (CF) is needed as a basis for further discus-
sion and strategy development with relevant stake-
holders. Likewise, it is important to communicate and
present investment opportunities in a business language
that potential investors are familiar with. Technical per-
formance parameters of energy efficiency (EE) mea-
sures, or static economic analysis, are less meaningful
and unlikely to attract interest and understanding from
financial decision makers. Therefore, this requires a
dynamic CF modeling and economic and financial key
performance indicators (KPI) including sensitivity and
risk analysis of DER. The goal of the first part of the
paper is to shed light on these questions.

Given the long payback time of more than 20 years for
most DER cases, the economic rationale often cannot be
justified by CF from future energy cost savings alone, nor
could these CFs convince potential investors. By applying
the concept of the BMultiple Benefits of Energy
Efficiency^ (IEA 2014) to DER projects or programs, we
are attempting to capture additional benefits, revenues, and
drivers on the microeconomic level. The purpose is to find
approaches on how tomonetizemultiple project benefits to
make the business case more attractive. This is the focus of
the second part of the paper.

The application of multiple benefits (MBs) for
building DER is supported by other authors as well.
Among others, the Buildings Performance Institute
Europe states that Blimiting the discussion about ener-
gy efficient buildings only to climate change consider-
ations would ignore the many additional benefits
which are created through the retrofitting of the Euro-
pean building stock. The revitalization of urban quar-
ters, improved comfort levels and quality of living and
working spaces, helping people out of fuel poverty and
creating long-term employment are just some of the
many positive effects^ (BPIE 2011; Renovate-Europe
2016).Generally, in the real estate sector, humanhealth
and comfort are gradually gettingmore to the forefront
of building practices and attention. For examples the
BWELLBuilding Standard^ (IWBI 2017) is an expres-
sion of this development.

1 As defined by IEA Annex 61, a Deep Energy Retrofit is a major
building renovation project in which site energy use intensity, includ-
ing plug loads, has been reduced by at least 50% from the pre-
renovation baseline.
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However, there is still too little discussion on providing
quantifications for the MBs of DER, in particular on the
microeconomic level. The Rocky Mountain Institute pro-
vides some guidelines on BHow to calculate and present
deep retrofit value.^ These guidelines state BThese types of
retrofits reduce operating costs and are able to improve the
satisfaction and health of occupants^, highlighting multi-
ple stakeholders and beneficiaries of DER, and its benefits
beyond just energy cost savings (RMI 2015). Woodroof
et al. report that Ba high percentage of facility managers
experienced … reduced maintenance material costs as a
result of energy conservation^ and Bcalculated these ben-
efits to be worth approximately 31% of additional value
beyond the direct energy dollar savings^ (Woodroof et al.
2012). Other authors focus more on technical implications
of DER and the need for an integrated design approach
during building design phase in order to achieve nearly
zero energy buildings (nZEB), mainly for new buildings
(Integrated Design 2017). As a common theme, authors
highlight the actuality of MBs of EE measures and their
multiple beneficiaries on individual, institutional, and so-
cietal levels. At the same time, approaches for quantifica-
tion and integration, particularly on the project level, are
still rare.

This paper presents work that is original content and
has not been published before. After the methodology
section, we present a DER office building case study.
This is followed by an analysis of relevant MBs in the
context of DER, with a special focus on work produc-
tivity, and focusing on quantification approaches on the
project level to allow integration into the business case;
the authors refer to those MBs which are relevant to
project stakeholders as multiple project benefits
(MPBs). The modeling does not focus on topics such
as tax, public debt, or policy implications—the latter are
addressed in the conclusion section only. In addition to
approaches to MB quantification, results are discussed
from the perspectives of potential investors, building
users, and financiers.

Methods

DER case study and dynamic Life Cycle Cost Benefit
Analysis

For the first part of the paper, we use a case study
methodology (Yin 2014) to assess economic and finan-
cial implications of a DER project (mainly building

envelope insulation to the BPassive House^ standard).
This bottom-up approach is based on a real life DER
project from Germany. The capital expenditures
(CAPEX) of the DER are based on actual construction
costs.2 The incremental cost approach used (sometimes
also referred to as Bdifferential^ or Banyway^ cost)
excludes the general, non-energy-related costs of the
building renovation.

The economic and financial Life Cycle Cost Benefit
Analysis (LCCBA) is built on a dynamic cash flow
model of the DER case study, with a focus on the
perspectives of potential investors and financing institu-
tions. For this purpose, the projected income and ex-
pense CFs are modeled over an entire project cycle of
25 years, with the degree of detail of a pre-feasibility
study. Economic KPIs are the internal rate of return
(IRR), the net present value (NPV), and a dynamic
amortization period, separately for the project (P-CF)
and the equity cash flow (E-CF). Furthermore, the
BLevelized Cost of Energy^ (LCoE) (IEA/NEA 2015)
concept is applied to calculate levelized cost of energy
savings as a simple comparison variable to different
energy supply and savings variants. On the financing
side, the influence of typical debt ratios of 70% on the
remaining equity CF, as well as liquidity, is examined
using the financial KPIs BCash Flow Available for Debt
Service^ (CFADS) and the BLoan Life Coverage Ratio^
(LLCR).

The analysis also includes a multi-parameter sensi-
tivity analysis of the IRR and NPV with respect to
deviations of relevant input parameters, e.g., CAPEX,
OPEX, price development of the energy cost baseline,
and project duration, and to determine threshold values
for MB contributions. Throughout the paper, all mone-
tary figures exclude value added tax (VAT), and tax
effects are not considered.

Inclusion of multiple project benefits

Energy-saving projects or programs often produce ben-
efits beyond reduced energy consumption and peak
demand, which contribute to the objectives of organiza-
tions implementing the projects and can have significant
added value for those making investment decisions
(SEEAction 2012). These benefits are not always

2 Deviating from the actual construction costs, so-called Bcost-efficient
passive house components^ for windows and doors were used for the
case study (B. Kaufmann, personal communication, Sept. 23, 2015).
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understood or quantified. However, when energy-
saving projects are only marginally attractive to inves-
tors or lack support from other stakeholders, a thorough
understanding of the benefits and internalization of key
benefits in the economic analysis can make the differ-
ence between projects moving ahead or being
overlooked. Since the net effect of these impacts is
usually beneficial, we use the term multiple benefits to
describe them, as used by the International Energy
Agency (IEA 2014); however, the terms non-energy
benefits and non-energy impacts are also common.

A growing body of research recommends the system-
atic assessment of MBs for both individual energy effi-
ciency projects and for analysis of policies or programs
encouraging EE (e.g., Ürge-Vorsatz et al. 2015, 2016).
A common approach for evaluation of policies or pro-
grams is to classify MBs according to their primary
beneficiary: Participant (individual or business
implementing the project), Utility (electric utility or fuel
delivery companies that deliver energy to the Partici-
pant), or Society (Lazar and Colburn 2013). For analysis
of project-specific MBs as described in this paper, the
investigation of identified Utility and Society MBs was
not important, as they were deemed irrelevant to the
project business case. For benefits on the microeconom-
ic or project level, which directly impact project stake-
holders, we suggest use of the term multiple project
benefit (MPB).

An important distinction was made between MPBs
that applied to different stakeholders within the Partici-
pant category. Figure 1 presents an adapted benefit

classification scheme for individual projects that in-
cludes common scenarios of Participant facility owner-
ship: BOccupant/Owner^ (one who owns and occupies
the property), BLessor/Owner^ (one who owns and
leases the property), and BProperty Developer^ (one
who owns the property but intends to sell after upgrades
are completed). These labels represent possible stake-
holder scenarios and each one would not necessarily
exist for every project.

In addition to identification and classification of
MPBs, any individual benefit may be relatively easy
or difficult to quantify in a useful manner. Methods
and accuracy of quantification vary widely between
benefits, and depend on the desired accuracy of financial
estimates. Decisions regarding policy or public invest-
ment in energy efficiency programs often estimate MBs
as a numerical multiplier applied to estimated energy
savings; a higher degree of accuracy is typically sought
when evaluatingMPBs at the project level. ThoseMPBs
that cannot be quantified can still be discussed with
stakeholders as they often have some bearing on invest-
ment decisions and can help identify new potential
investors.

Further to Fig. 1, which isolates those beneficiaries
that are relevant to the business case, Fig. 2 adds a
dimension of the relative difficulty in quantifying each
benefit. Project proponents may find the use of such a
grid helpful in early project development. The two di-
mensions of the grid are Brelevance to the business
case^ and Bdifficulty of quantification^; the result being
four quadrants into which each identified benefit is

Fig. 1 Classifications of multiple benefits according to primary beneficiary
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placed, which then determines the recommended ap-
proach for further investigation of that MPB. The upper
half are generally the MPBs, and the upper left quadrant
are those MPBs which are included in the business case.
For the case study project introduced in Section BDER
case study and LCCBA model^, a five-step methodol-
ogy was followed to include MPBs:

1. List all potentially significant benefits for the project
2. Classify each benefit according to the primary ben-

eficiary: Participant, Utility, or Society, as well as
any important sub-classifications. Estimate the dif-
ficulty in quantifying each benefit. Plot each benefit
on the grid in Fig. 2

3. Select quantification methods and quantify chosen
MPBs in either financial or non-financial terms

4. Incorporate significant financial results into eco-
nomic analysis

5. Consider unquantified and quantified non-financial
MPBs as additional arguments to support the project.

For the case study described in this paper, quantified
individual Participant benefits are investigated in sections
BHigher work productivity, Higher revenues from rent or
sales, Valuing avoided greenhouse gas emissions, and
Maintenance cost savings^. Section BBenefits not

accounted for in the business case^ lists unquantified
Participant benefits and benefits for Utility and Society,
whichwere not investigated in detail. Several benefitswere
quantified according to various methods that are currently
available, and are described in the respective subsections,
with those that could be readily expressed in financial
terms then included in project economic analysis.

DER case study and LCCBA model

In this section, a DER office building case study is ana-
lyzed with a dynamic Life Cycle Cost & Benefit Analysis
(LCCBA) to model project and equity cash flows. The
goal is to better understand economic and financial impli-
cations of DER projects and to appraise debt and equity
financing implications. This model shall serve as a basis
for business case analysis,MPB evaluation, and discussion
of results for different stakeholders.

The case study concerns a 1960s era office building,
with 1680 m2 of heated area, situated in southern Ger-
many. The building was renovated to the BPassive
House^ (PH) standard in the years 2010–2011. The
EE renovation included ceiling, wall, and basement
insulation, window and doors replacement (with cost-
efficient Passive House components), improvements to
airtightness, ventilation, and heating systems, and a

Fig. 2 Multiple benefits
classification grid
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lighting retrofit. The investment costs of the DER
amounted to 0.56 million EUR or 330 EUR/m2.3

The energy costs before the renovation (baseline)
were 45,000 EUR/year (36,500 EUR/year for gas and
8500 EUR for electricity). After DER, gas costs are
reduced by 88%; electricity cost savings are limited to
a 17% reduction due to the additional ventilation sys-
tems. The energy and all other price increases are as-
sumed to be on average 1.5%/year. In the business
model, from year 6 onwards, building users participate
in the savings with 3%. Maintenance cost savings are
not factored into the business case; however, additional
maintenance cost for ventilation systems are accounted
for. Costs for a general overhaul of the heating system in
year 15, as well as regular lamp replacements, are also
included.

Financing of the investment is modeled with a mix of
75% debt capital (20-year term with an effective interest
rate of 2.52%) and 25% equity with a yield expectation
of 4.5% for the Weighted Average Cost of Capital
(WACC) calculation. No subsidies were accounted for
to avoid distorting the results. CAPEX is refinanced
from the future savings cash flow over a 25-year project
term.

Results of the LCCBA CF analysis are displayed in
Fig. 3. The analysis of the project CF over 25 years
results in accumulated energy cost savings of EUR
810,000 resulting from an investment of EUR 550,000
and maintenance costs of EUR 120,000. The result is a
positive P-CF of EUR 145,000 with an internal rate of
return of just 1.9%, a negative NPV of EUR − 62,000,
and a dynamic payback period of 21 years. For the
equity CF, an IRR of 0.8% results with a payback period
of 24 years; discounted at 4.5%, the NPVof the E-CF is
− 77,000 EUR (Fig. 3).

The sensitivity analysis in Fig. 4 shows the influence
of a percentage change of selected input parameters on
the project IRR. The model provides a similar analysis
for the equity IRR and NPV, which is not presented
here.

Investment costs, followed by saving revenues, pro-
ject duration, and baseline price development, are the
most sensitive to relative changes of input parameters.
For a break-even with the WACC (NPV = 0), the

CAPEX would need to be decreased by 11% or the
savings increased by 10% or a through a 13% longer
project duration.

The DER business case results will be discussed after
the next section on MPBs in building DER.

Multiple project benefits of building DER

Energy efficiency measures such as the above example
of a DER business case induce Bmultiple project
benefits^ beyond energy cost savings. In this section,
we identify, structure, and—where possible—monetize
relevant MPBs for different stakeholder groups. The
primary goal is to identify sources of additional reve-
nues for DER business cases. In a broader picture, co-
beneficiaries, who might have a vested interest to be-
come strategic allies for DER programs, shall be identi-
fied. MPBs are grouped in (1) financially quantified,
with a special focus on labor productivity (sections
BHigher work productivity, Higher revenues from rent
or sales, Valuing avoided greenhouse gas emissions, and
Maintenance cost savings^) and (2) additional benefits
not accounted for in the business case (section BBenefits
not accounted for in the business case^).

Higher work productivity

Earlier studies for energy efficiency programs suggested
that productivity gains could be among the most signif-
icant benefits of building-related energy efficiency in-
vestments (Wargocki et al. 1999; Seppänen et al. 1999;
Wargocki et al. 2000; Fisk, 2000; Miller et al. 2009).
Urge-Vorsatz et al. 2016 paper reviewed monetized
multiple benefits of building energy efficiency measures
and confirmed that in the few studies having a compre-
hensive account of non-energy multiple benefits, pro-
ductivity improvements score high.4

Recent work demonstrates that breathing air in build-
ings is responsible for a very significant loss of life and
disability even in Europe (Asikainen et al. 2016). Many
studies show how indoor air quality can cause several
diseases such as asthma, cold, flu, allergy, and even
cardiovascular diseases and cancer (Fisk 2000; Fisk

3 According to the incremental cost approach, this figure excludes
general, non-energetically relevant costs of the building renovation of
167 EUR/m2 for building site equipment, scaffolding, plastering, fa-
cade, fire, and noise protection.

4 In order to understand and measure the phenomena in depth, the
H2020 project COMBI aims at elaborating systematic methodologies
to quantify these benefits, consistently with other multiple impacts
(COMBI 2015). For more details about multiple benefit methodology,
please visit COMBI website (https://combi-project.eu/).
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2002; Mudarri and Fisk 2007; Asikainen et al. 2016).
The Healthvent project also demonstrated that installing
and properly operating and maintaining ventilation sys-
tems in buildings, combined with pollutant emission
control, can prevent a large fraction of this loss and
illness, in the order of magnitude of 40% when mea-
sured in disability-adjusted life years (Hänninen and
Asikainen 2013). Therefore, well-designed, operated,
and maintained high-performance buildings that have
ventilation systems (most deep retrofitted buildings will

have heat recovery ventilation) reduce air quality-related
disability, and therefore improve productivity.

In this section, we describe work productivity indi-
cators and approaches on how these benefits can be
quantified. We measure work productivity by consider-
ing different aspects of labor efficiency increases
resulting from DER programs. We focus on two key
aspects of labor productivity: (1) active days gained by
reduction of sick days, healthy life years and (2) work-
force performance improvements as a result of increased
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comfort and other improved conditions. Each of these
indicators are introduced in the following subsections.

Active days

Active days consist of two main aspects: Sick days and
healthy life year loss. Sick day is a linear combination of
absenteeism (absent from work due to building-related
illness) and presenteeism (Caverley et al. 2007), where
presenteeism can be defined as working with illness or
working despite being ill (Mattke et al. 2007). Each of
these aspects of active days are discussed in the below
section:

1. Sick days estimate the morbidity of working popu-
lation, i.e., the number of days of suffering from
building-related illness (BRI) by the working pop-
ulation. Absenteeism and presenteeism are the two
aspects which measure the morbidity due to BRI.

– Absenteeism: absenteeism due to illness is a
rising concern for both the employees and as
well as the employers. Many work days get
wasted due to BRI (Fisk and Rosenfeld 1997;
Jones 1999; Arnetz, et al. 2003). Most of the
studies estimated the cost of indoor exposure
by measuring the absenteeism and health care
expenditure, but among these two, only absen-
teeism indicates productivity loss (Fisk 2002;
Chapman, et al. 2009). A 2000 study by Fisk
estimated that the cost of annual lost days due
to sick building syndrome in the USAwould be
as high as $34 billion (Fisk 2000).

Absenteeism days have been used as an indi-
cator for many other types of research as well
such as to evaluate health promotion programs, to
evaluate vaccination programs etc. (Golaszewski
et al. 1992; Milton et al. 2000). In these studies,
absenteeism reduction is used as an indicator for
productivity. One of the key reasons behind this
poor indoor air quality is inadequate air exchange
rates inside the building and lack of filtration
system (Asikainen et al. 2016). Installing an effi-
cient heating ventilation and air conditioning
(HVAC) system with filtration, which is typically
installed in a DER, can reduce up to 58% of
global burden of disease at EU-26 level
(Hänninen and Asikainen 2013). Studies suggest
that with proper ventilation rate, i.e., more than

12 L/s per person can reduce sick days by 1.2–
1.9 days per person per year (Milton et al. 2000;
Carrer et al. 2012). Thus, this 1.2 to 1.9 days can
be considered as productivity gain per person/
year due to energy efficiency action.

Deep renovation of building envelope ensures
maximum air tightness, which prevents outdoor
air pollutant infiltration and mechanical ventila-
tion system stimulates the indoor air exchange
rate by replacing indoor air (polluted) with fil-
tered outdoor air which provides a healthier in-
door environment (Wargocki et al. 2002).

– Presenteeism due to building-related illness is
an indicator which has not been discussed yet
in any study. However, the loss of productivity,
presenteeism is not small. According to the
Institute for Employment 2016 report, in Eu-
rope, the average days of presenteeism are 3.1
in a year per person (Garrow 2016). Lamb et al.
(2006) estimated the productivity loss of 3.2 h
due to presenteeism in an 8-h-work day. Fur-
thermore, presenteeism days especially,
presenteeism due to illness may increase the
risk of having an ill health because inadequate
recuperation may lead to further acute health
problems (McEwen 1998).

2. Healthy life year: many of the building-related ill-
ness affects mortality and mortality cannot be mea-
sured through sick days. Thus, the disability-
adjusted life year (DALY) indicator is used to esti-
mate both mortality as well as morbidity along with
sick days indicator to provide a complete under-
standing of the severity of indoor exposure. Absen-
teeism and presenteeism mostly measure acute dis-
eases whereas there are many chronic diseases
caused by the poor indoor environment. For in-
stance, 23% lung cancer is caused due to indoor
exposure (Hänninen and Asikainen 2013). Diseases
such as lung cancer and cardiovascular disease
caused by indoor exposure have an impact on life
span (i.e., these diseases do not only affect working
days but also affect life expectancy).

Workforce performance

Workforce performance can be defined as labor input by
the workforce per unit of time. Workforce defines as an

268 Energy Efficiency (2019) 12:261–279



accumulation of all the employees at the workplace. We
estimate workforce performance gains mainly through the
quantity of labor input, but poor indoor air quality can also
affect the quality of work (Wargocki et al. 2000). Several
case studies show how indoor air quality and thermal
comfort can influence a person’s productivity (Seppänen
et al. 1999;Wargocki, et al. 2000; Singh 2005; Helsen and
Coolen 2013; Coolen et al. 2012). By working in deep
retrofitted type buildings, employees have better work
performance compared toworking in non-retrofitted build-
ings (Wargocki et al. 2000; Singh 2005; Singh et al. 2010).
This performance improvement not only benefits the em-
ployees but it also benefits the employer by improving
labor input efficiency, which will be quantified as a MPB
of DER.

There are mainly three reasons behind this improve-
ment in performance which are discussed below:

– Reducing mental disorder: improvement in indoor air
quality helps in reducingmental stress which results in
more labor input. For instance, a Singh et al. study
(2010) shows that after shifting into an energy effi-
cient building, employers can gain an additional 2.02
work hours per person per year because workers were
feeling less mental stress. These additional working
hours can certainly be considered as productivity gain
per person. One of the possible reason behind feeling
less mental stress could be that a worker is constantly
exposed to the fresh air which replenishes attention
and boosts up the energy to work (Singh et al. 2010;
Ryan et al. 2010).

– Improvement in mental health conditions: thermal
comfort helps to improve a person’s concentration
ability which improves work performance
(Wargocki et al. 2000). A Wargocki et al. study
(2000) estimated a 1.7% improvement in productiv-
ity (mainly quality of work) after controlling the
room temperature within 21–25 °C. In mechanical
ventilation systems, an adequate temperature is al-
ways maintained throughout the day with the help of
a temperature control system (Eskom 2015).

– Better concentration ability: concentration ability
may get hindered by certain symptoms such as
eye irritation (eye tears and eye blinking) and skin
irritation which affects the work performance
(Mølhave et al. 1986). Mold and fungi growth can
be stopped by improving the building shell and by
implementing stringent air filtration (Singh 2005).
In the deep retrofit type buildings with HVAC,

system ensure constant fresh air intake which pre-
vents further mold and fungi growth and during
building shell improvement the existing molds are
being removed as a part of retrofitting process
(Bonetta et al. 2010).

These three effects may also have a combined effect
on work performance. Finding the data to evaluate
workforce performance indicators is still a big chal-
lenge. Few studies measure performance enhancement
at the office buildings by doing a control group survey
(Wargocki et al. 2000; Singh et al. 2010). These control
group results vary from study to study and are not
directly comparable because of different monetary units
mostly without mentioning the physical value. Thus,
authors have suggested to use BComfortmeter^ to eval-
uate workforce performance enhancement after DER,
which is introduced in the next subsection.

Measuring workforce performance
through BComfortmeter^

Comfortmeter5 is an online survey tool that objectifies the
subjective comfort experience of building users. The sur-
vey polls building users on 6 aspects of comfort (thermal
comfort, air quality, acoustics, lighting, individual control,
and office environment & cleanliness), on the work per-
formance impact (Bproductivity increase^ called in
Comfortmeter reports) of their working environment and
on personal characteristics (age, gender, stress level, job
satisfaction, …). It calculates comfort scores of the build-
ingwhich are benchmarked against similar buildings in the
Comfortmeter database, and it proposes measures to im-
prove the scores and ranks them according to their expect-
ed impact on productivity.

In case of a successful DER of a low performing
building, the overall comfort score of the building is ex-
pected to increase between 2 and 4% (Coolen et al. 2012).
This increase of overall comfort score will be generated
mainly by the improved thermal comfort, indoor air qual-
ity, lighting, and acoustics in the building. The econometric

5 BComfortmeter^ is the result of a collaboration between international
authorities involved in efficient, sustainable, and performance-oriented
office buildings such as Factor4 and six renowned European universi-
ties, including KU Leuven and TU Braunschweig. The tool is used in
several European R&D-projects such as GeoTabs (Helsen and Coolen
2013; Coolen et al. 2012) and Quantum (www.quantum-project.eu).
The Comfortmeter database is constantly growing and contained in
October 2017 the data of 3600 building users of 116 office buildings
spread over 11 countries.
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model of the Comfortmeter shows that a 1% increase in
overall comfort score results in an average 0.19% work
performance increase (Helsen andCoolen 2013). Thus, the
DER would generate a work performance increase be-
tween 0.38 and 0.76% [(2 to 4) × 0.19%].

For the benefit assessment, the work performance of an
average Belgian employee of 75,000 EUR/employee (i.e.,
salary cost, non-salary cost (ICT, facilities, …), and profit
margin) and an average overall office space of 27.5 m2 per
employee (or 0.0364 employees per m2) is taken into
account. Thus, the DER would generate a workforce per-
formance increase of 10.4 to 20.8 €/m2 [(0.38 to 0.76%) ×
75,000 × 0.0364], which can be included in the business
case as a MPB quantification.

Similar results are also confirmed by the Dutch Litera-
ture survey BKentallen binnenmilieu and productiviteit^
(Boerstra and Van Dijken 2015). The survey gives an
overview of empirical evidence of the correlation between
productivity and the four elements of indoor climate—
thermal comfort (temperature), air quality, acoustics, and
light.

Higher revenues from rent or sales

There is growing evidence from studies that sustainable
building features like energy efficiency, and its MPBs,
have a positive impact on building values (Eichholtz
et al. 2010; Kok and Jennen 2011; Chegut et al. 2011
and 2013; Fuerst and McAllister 2008; Reichardt et al.
2012; Laurenceau 2013; Hyland et al. 2012). The studies
compare certified green buildings with non-certified build-
ings and find a positive correlation with rental rates and the
transaction prices of commercial property (corrected for
non-energy efficiency-related characteristics such as loca-
tion, age, and size). According to these sources, investing
in energy efficiency, and thus obtaining green or sustain-
able building certification, translates to higher rent ranging
from below 4% up to 21%. Numbers for higher market
valuations (transaction or sales prices) range from below
10% to up to 30% (USA) or 26% (Europe).6 In other

words, businesses and individuals are willing to pay a
rental or sales premium for Bgreen^ property.

These premiums are not only a matter of green or
sustainable building certifications supporting increased
rents or property values but also a matter of low-
efficiency buildings losing rent and sales value—the
latter more and more ingloriously referred to as Bbrown
discount,^ as demonstrated by Kok and Jennen (2012).
They claim that the aggregated effect of these opposite
effects is large and also indicate that it is bound to
increase following stricter environmental regulation
and changing tenant preferences.

However, energy efficiency is just one of several
Bgreen^ building features. For the purpose of this re-
search, we propose to conservatively allocate 25% of the
premiums to EE. For the rental premium, this results in a
range of 1–5.3% of an assumed monthly net office rent
of 10 EUR/m2. For the sales premium, a range of 2.5–
6.5% of a sales price of 4000 EUR/m2 is assumed,
which gives us a sales premium range of 100 to 260
€/m2. Furthermore, it is important to consider that ben-
efits are capitalized by different stakeholders in the
commercial property market such as tenants and buyers.

The ongoing and future mandatory adoption of ener-
gy performance certifications or energy labels by the
market will increase the availability and transparency of
energy consumption data in buildings, and thus improve
the effectiveness of the certifications and labels. For
tenants and buyers, it will then be much easier to take
energy efficiency into their financial models when mak-
ing commercial property decisions.

Valuing avoided greenhouse gas emissions

Higher energy productivity leads to a reduction in final
fuel and electricity demand, and respective greenhouse
gas (GHG) emissions. These reductions can contribute
to climate change mitigation. Besides its social benefits,
reducing GHG emissions could lead to additional finan-
cial advantages for project proponents, depending on the
country’s climate cost internalization policies. This is
the case if building owners can generate certificates out
of the GHG reductions that can be traded in an emission
trading scheme, or by saving GHG levies on fossil fuels.

The European Union (EU) has established the
world’s largest Emissions Trading System (EU ETS).
Approximately 11,000 European businesses and aircraft
operators (with flights within Europe) participate in the
EU ETS. It is a market-based instrument that

6 These price premiums are for Bsustainable buildings^ whereby the
Benergy efficient^ component is one aspect of the sustainability besides
accessibility, water and waste management, indoor quality, and build-
ing management. Other intangibles such as market conditions, market
size, increase of global quality of buildings, the mentioned employee
productivity increase, and green image also play a role in price
premiums.
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internalizes the external cost of GHG emissions with the
goal of reducing emissions cost-effectively while
achieving i ts c l imate object ives (European
Commission 2017). An emission allowance offers the
right to emit 1 ton of CO2. Currently, there is a surplus of
emission allowances leading to low costs. In the period
April 2017 to April 2018, the average price for one
emission allowance was around EUR 8.7 It remains to
be seen whether new EU climate goals, based on the
Paris agreement, can lead to stronger policy measures
and a substantial increase of emission allowance prices
in the near future.

Besides an emission trading system, some countries
impose a GHG levy on heating fuels. For example,
Switzerland introduced such a levy and currently
charges 84 Swiss Francs (approx. EUR 79) per ton of
CO2.

8 This is a significantly higher value than the cur-
rent EU ETS prices.

Applied to the DER case study, 318 MWh of natural
gas and 6 MWh of electricity are saved, which results in
GHG savings of about 80 t/year of CO2eq.

9 Valued at
current EU ETS prices, this results in savings of about
400 EUR/year. Valued with the Swiss GHG levy on
heating fuels, savings of about 6300 EUR/year result.
In both cases, transaction costs to realize GHG revenues
are not accounted for.10

Maintenance cost savings

Building DER also encompasses retrofit of existing, and
often aged, building technologies. Besides energy cost
savings, this leads to a net reduction of maintenance cost
and/or replacement investment for the building owner
(Woodroof et al. 2012), which can be factored into the
business case. This approach is applied in energy sav-
ings contracts with energy service companies (ESCos).

DER will typically decrease maintenance costs due
to the fact that a newer installation typically requires less

maintenance. In the case of performance-based
outsourcing of maintenance in the DER project (using
the NEN 2767, see below), the contractor will choose
installations with lower maintenance costs and optimize
the maintenance process. However, this positive cost
saving effect could be partially offset due to increased
maintenance costs that result from a more complex and
maintenance-intensive building, generated by the DER.

In our DER case study, two effects on maintenance
cost were observed: (1) a cost reduction of 2.1 EUR/m2

for the existing systems and (2) additional maintenance
cost of 0.9 EUR/m2 due to the added ventilation systems
(which have already been accounted for in the case
study calculation in section BDER case study and
LCCBA model^). In the Belgian office building case
study, maintenance cost savings were found to be 3
EUR/m2 (Coolen et al. 2012).

These numbers are based on the assumption that in
the reference scenario, the maintenance in the building
is conducted in a standard approach and that the corre-
sponding maintenance costs are made.

An interesting metric to measure maintenance levels
of technical systems was identified in the Netherlands.
The Dutch maintenance standard NEN 2767 advises on
a uniformway to inspect and assess the construction and
installation of technical infrastructures and to assess
their technical condition by assigning so-called
Bcondition scores.^ This allows quantification of main-
tenance levels in an objective way and can be applied as
a metric.

Benefits not accounted for in the business case

In addition to the benefits discussed in sections BHigher
work productivity, Higher revenues from rent or sales,
Valuing avoided greenhouse gas emissions, and Main-
tenance cost savings^, there are several other Participant
benefits that are challenging to quantify, but still en-
hance the value of the project. The following Participant
benefits were identified, but were not quantified or
included in the economic analysis. They were, however,
discussed and considered by project stakeholders prior
to making investment decisions.

The unquantified Participant MPBs identified for the
case study were as follows:

& Sustainable image and environmental designations
& Asbestos removal
& Building esthetics

7 https://www.eex.com/en/market-data/.../european-emission-
allowances-auction#!/ (visited 20.04.2018)
8 https://www.bafu.admin.ch/bafu/en/home/topics/climate/info-
specialists/climate-policy/co2-levy.html (visited 20.04.2018)
9 CO2eq emission factors: natural gas 250 kg/MWh, electricity 700 kg/
MWh (Source: GEMIS http://iinas.org/gemis-de.html, visited
13.03.2017)
10 The resulting revenue of a reduced CO2 levy for an investor or
landlord also depends on the cost sharing between landlord and tenant.
Often the fuel costs are paid by the tenant who would profit from the
investments of the landlord, which leads to the well-known landlord-
tenant dilemma or principal-agent problem.
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Benefits to Utility and Society were not deemed
to have significant influence on the business case
for this project and were not investigated in detail.
Their identification is still an important exercise,
as these benefits may have the potential to engage
additional funding partners with niche interests
(e.g., the prospect of job creation could potentially
be used to obtain funding from local development
authorities). If this were the case, it would make
sense for that benefit to be classified as a Partic-
ipant benefit.

The Utility and Society MBs identified for the case
study were as follows:

& Boost of local economy and job creation
& Reduced greenhouse gas emissions
& Improved local air quality resulting from reduced

fossil fuel combustion and associated reduced health
system costs

& Reduced fossil fuel import and improved national
energy security

& Avoided electric and natural gas utility system in-
frastructure costs

Because of the project approach, these benefits to
utilities and society were not pursued further in this
paper.

Discussion

LCCBA model and DER business case study based
on energy cost savings only

For the first part of the discussion, results of the dynamic
LCCBA DER model based on energy cost saving CF
only are discussed.

Despite positive cumulated CFs of the case study, the
business case appears not to be attractive to investors.
Appraised solely by the economic and financial KPIs of
DER energy cost savings CF, it will be difficult to attract
private sector investments. This is due to negative
NPVs, long payback periods, low IRRs of P-CF and
E-CF, project risks, and liquidity shortfalls in early
project years.

Also, the Levelized Cost of Heat Savings of 100
EUR/MWh, which can be used as a comparison with
alternative heat generation costs, does not indicate an
economic saving potential when compared to typical

average11 cost of heat supply. In conclusion, building
DER is typically not a stand-alone business case if based
on future energy cost savings alone, even with a long-
term investment horizon of 25 years.

The above KPIs are not sufficiently reflected in stan-
dard economic appraisals like simple payback or annu-
ity calculations (often with residual book values for
individual assets, which typically consider averaged
values instead of CFs and do not reflect Btime value of
money^). The differences in approach explain why as-
sessment of economic viability of DER with different
economic models may come to dissenting results. For
long-term DER investment and financing decisions, as
well as enabling policy design, a dynamic life cycle cost
and benefits appraisal is needed, as proposed with the
LCCBA model. Dynamic modeling is also required,
because of the high sensitivity12 of price and cost de-
velopment scenarios (c.f. Fig. 4), which underlines the
risks of compounded interest effects due to long project
durations.

From a different angle, future energy cost saving CF
may be viewed as a highly potent source for co-
financing DER investments. As can be seen from the
sensitivity analysis of the case study, 88% of CAPEX
could be refinanced if an NPVof 0 is chosen as a goal of
the P-CF. The opportunity to substantially co-finance
DER investments with future savings CFs deserves
much more attention. This would require a multi-year
project cycle perspective across CAPEX and OPEX
budgets, and adjustment of respective accounting guide-
lines and procedures, which in return would require
enabling policy guidelines and their implementation.
To reduce CAPEX, imputable investment cost for
DER can be deducted by so-called Banyway^ cost of
building maintenance (or other cost items) through a
Bdifferential cost approach,^

Opportunity cost of delaying investments in saving
opportunities is substantial (28,000 EUR/year for the
case study), which is often not discussed nor factored
into the timing of EE investment decisions. Instead of
waiting for CAPEX budgets to be available, it would
often be cheaper to pay for debt capital or other third-
party financiers like ESCos and be able to invest and
profit from savings sooner. Unfortunately, this way of

11 It is even less attractive, when compared to the marginal cost of heat
supply, which is the more appropriate comparison.
12 Impact of absolute changes of energy price development is even
more sensitive, e.g., ± 1% result in an NPV of + 3000 EUR, or −
120,000 EUR respectively
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thinking is not common practice for many public or
private sector building owners.

The DER life cycle cost structure is characterized by
high capital and low operating cost portions: the share of
CAPEX is 70% of total project cost, with interest ac-
counting for another 15%, and just 15% for OPEX. This
cost structure is an indicator of the societal benefits of
DER, as there is a substitution of OPEX on (imported)
fossil fuels with CAPEX on (local) construction com-
panies and labor (c.f. IEA 2014). Furthermore, the cur-
rently low interest rate favors comprehensive energy
efficiency investments in buildings.

MPB classification, quantification, and relevance
to different stakeholders

Before discussing integration of MPBs into the DER
business case, a few considerations on classification and
relevance of MPBs to different stakeholders are
presented.

While the method of classification into four quad-
rants helps determine which MPBs should be quantified
(see Fig. 2), it does not prescribe methods of quantifi-
cation. As the industry shifts to a greater focus on the
inclusion of MPBs in project economics, it is expected
that new tools will be developed to aid in quantification
of benefits in different applications. Industry experts
should stay aware of these developments and actively
seek new and better methods of quantification.

In our case study, the top half of the grid (MPBs that
are Bhighly relevant to the business case^) mainly in-
clude MPBs that benefit the Participant. When evaluat-
ing Brelevance to the business case^ for a particular
MPB, it may be helpful to develop an order-of-
magnitude estimate of its impact relative to project costs
and other benefits before investing time on more formal
quantification.

As described in section BBenefits not accounted for
in the business case^, even those societal MPBs that
initially seem to have little relevance to the project could
potentially be investigated for outside funding opportu-
nities or other types of strategic support. Therefore, the
authors encourage tabulation and classification of all
potential MPBs as a first step to their meaningful inclu-
sion in project development.

In terms of laying the procedural groundwork for
attainment of future savings, engineers and economists
should work tomoveMPBs from right to left on the grid
(i.e., develop new methods of quantification) while

policy-makers should work to moveMPBs from bottom
to top on the grid (i.e., create financial conditions that
value a wider range of impacts). As a policy example,
raising the price on carbon emissions would gradually
move BGHG emissions^ from the bottom-left to the top-
left quadrant by internalizing these social costs into the
business case. In our case study, the financial value of
avoided emissions was easily quantified and directly
benefits the Participant, but was relatively insignificant
in the context of total project costs and savings, so it was
placed in the bottom-left quadrant.

Another benefit that may result from pursuing MPBs
is a potential to engage with strategic partners or other
funding sources that may be concerned with these ben-
efits (or risks). Important drivers for the building refur-
bishment of the case study from section BDER case
study and LCCBA model^ were noise protection from
a busy street, ventilation, and fire protection due to
changes in use and structure of the building. In the case
of asbestos removal, the local health department would
have a vested interest in providing support to the build-
ing owner to ensure effective and safe removal of the
asbestos, and could potentially offer both financial and
labor contributions to the project. Similarly, strategic
allies may be identified for MPBs benefitting Utility or
Society. For example, reduction of peak electricity loads
may help the local distribution utility defer costly
growth-related upgrades to distribution infrastructure.
This cooperation perspective acknowledges the fact that
energy cost savings from DER are often not high
enough to build a stand-alone business case, which is
proposed by other authors as well (BPIE 2011; RMI
2015). In many cases, DER will need strategic partners,
with a vested interest in its MPBs, in order to move
forward.

Approaching work productivity quantification

Section BHigher work productivity^ provides a concrete
guideline to measure work productivity of DER pro-
gram in office buildings. An Urge-Vorstaz et al. study
(2016) pointed out that it is not easy to quantify multiple
benefits as it involves several issues such as proper
identification of benefits, systematic methodologies to
quantify, and data availability. This section contributes
to the knowledge pool of productivity measurement of
DER (and possibly other) programs by identifying the
extent of the effect of DER on work productivity and
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also by proposing indicators to quantify these DER
specific work productivity aspects.

Functionally, the change in productivity can be
expressed as follows:

ΔProductivity

¼ f active days;workforce performanceð Þ
where Δ Productivity is the change in labor output after
DER in office buildings. Furthermore, active days can
be functionally expressed as follows:

Active days ¼ f sick days; healthy life yearð Þ
where sick days is a combination of absenteeism and
presenteeism.

Thus, any change in these components will have an
effect on overall labor productivity. For example, a
greater number of active days and healthy life years
would imply more labor output, hence an increase in
productivity.

In this paper, MBs are monetized at the project level
and from investor’s as well as tenant’s perspectives (c.f.
5.4). This implies that monetization of benefits should
not include any societal value. If societal value of any
benefits is included in cost-effectiveness analysis where
the CBA is conducted to see participants’ gains/losses
on project level, then it would lead to overestimation of
result.

In addition, many of the aspects of a benefit cannot
be quantified due to lack of appropriate data. For in-
stance, the active day indicator could not be incorporat-
ed in our estimation due to the data unavailability.
Monetization values of active days especially absentee-
isms in existing literature (for example see Fisk 2002
study) include societal benefits. That is why in Table 1
section BIntegration of monetized MPBs into the DER
business case and its relevance to different
Stakeholders^, the productivity figure only includes
the results of workforce performance ignoring the
values of active day.

As can be seen in the next section, the effect of
inclusion of workforce performance in our model is
quite significant. However, we must note that the
Comfortmeter also incorporates the comfort-related per-
formance gain, and as discussed in section BWorkforce
Performance^, there are several aspects (specifically
related to mental well-being) to which performance
can be enhanced. Comfortmeter does not incorporate
any mental disorder improvement or concentration

ability-related performance gains. Thus, even after in-
clusion of results related to work performance, our result
shows a conservative value since there are many aspects
which cannot be included due to data unavailability.

Integration of monetized MPBs into the DER business
case and its relevance to different stakeholders

The goal of this subsection is to discuss values of
different MPBs identified in section BMultiple Project
Benefits of Building DER^ to the DER business case
and their accountability to different groups of
stakeholders.

To recap, financially quantified MPBs identified in
the context of building DER are (numbers refer to
Table 1): (1) work productivity increase; (2a) rental
income increase; (2b) building sales price increase; (3)
CO2 emission reduction; (4) maintenance cost savings
and (5a) energy cost savings during project term (al-
ready considered in base case scenario in section BDER
case study and LCCBA model^); and (5b) additional
energy cost savings during technical lifetime (beyond
project term).

A positive correlation of these MPBs to stakeholder
benefits can be assumed to be consensus, however,
quantification methods maybe subject to further discus-
sion (Woodroof et al. 2012). The ranges of monetary
values of the MPBs presented are a first attempt, to the
best of our knowledge, based on case studies and liter-
ature (not on any broader empirical bases). In order to
find a comparable metric to which readers can relate to
more easily, MPB value ranges in Table 1 are presented
in [EUR/m2], both as annual values [EUR/m2/year] as
well as present values13 (PV) of future savings cash
flows over a 25-year period in [EUR/m2].

The valuation of MPBs in Table 1 reveals relevant
orders of magnitude of MPBs compared to energy cost
savings, with the exception of CO2 savings valued at
current ETS prices. In particular, work productivity is in
a similar range as energy cost savings. Additionally, it
should be pointed out that quantifications for work
productivity increases represent a conservative ap-
proach. From its two main indicators, just work perfor-
mance improvements could be monetized through
BComfortmeter,^ whereas the first indicator active days,

13 For the PV calculation, a 25-year project term with a WACC of 3%
as discount rate and 1.5%/year price increase was applied (equal to the
case study analysis in section BDER case study and LCCBA model^).
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e.g., through absenteeism and presenteeism could not be
monetized yet.

The total MPBs value contribution needed to reach a
minimum economic threshold level (P-CF = 0) is 12%
of the CAPEX (as can also be seen from the sensitivity
analysis in Fig. 4), which translates to 1.8 EUR/m2/y, or
an PV of about 38 EUR/m2 (respectively 65,000 EUR
for the entire building). Compared to a plausible range
of MPBs contributions as outlined in Table 1, this ap-
pears to be in a reasonable, and even surpassable, range.
These results generally support the approach to factor
MPB values into DER business cases and should make
DER more attractive to investors.

Table 2 reveals substantially different total benefit
values for different groups of beneficiaries. This under-
lines the necessity to differentiate between different
beneficiaries also for MPB analysis (c.f. section BMPB
classification, quantification, and relevance to different
stakeholders^). Occupant-owners have the highest total
benefit values of the different types of building owners,
but tenants also have substantial net benefits.

When comparing differential DER investments of 330
EUR/m2 to the MPB values, the occupant-owner’s ben-
efits are greater than the cost by a factor of between 2.4
and 3.3; for tenants, values are between 1.7 and 2.2. This
is a clear indication for a potentially interesting business
case. By example of the occupant-owner case, the project
IRRwould go up to 8.8% and equity IRR to 21.4%, if the

total of the lowerMPB values in Table 1 could be realized
over the 25-year project period (excluding 5b).

On the other hand, the lessor-owners appear to have
very small benefits, because of low rental premiums
(even smaller than sales premiums). The same applies
to property developers, where price premiums for DER
buildings are not sufficiently reflected in market prices,
probably due to a lack of LCCBA assessments on the
buyer side of the market. In both cases, the Bsplit
incentive^14 dilemma is apparent, because investors do
not capitalize from OPEX reductions of building occu-
pants. From this perspective, it would be justified to allow
building owners in regulated markets to charge higher
rents in return for investments in tenant’s OPEX savings.
In this context, guaranteed OPEX reductions, as applied
in performance-based energy services, could be helpful.
Based on the MPBs values, tenants should also have a
vested interest to rent DER renovated Bgreen^ buildings.
Alternatively, long-term tenants have grounds to invest
their ownmoney, provided they are aware of the benefits.

In any case, investors’ appetite for DER will still
require low debt capital interest rates (as is currently
the case), a long-term perspective of 20+ years invest-
ment horizon, and rather low expectations on its equity

14 For a further discussion of the split incentive problem, and the
development of possible solutions, we refer to the H2020-project
GuarantEE (http://guarantee-project.eu/be/)

Table 1. Monetary values of multiple project benefits of DER (in [EUR/m2]—annually and present values of project cash flows14)

Multiple project benefits of DER Range Valuation

[EUR/(m2 * y)] PV: [EUR/m2]

1. Work productivity increase (0.57–1.14%) Lower 10,4 219

Upper 20,8 439

2a. Rental income increase (1–5.3%) Lower 1,2 25

Upper 6,4 134

2b. Building sales price increase (2.5–6.5%) Lower 100

Upper 260

3. CO2 savings (6–79 EUR/t) Lower 0,3 6

Upper 3,8 79

4. Maintenance cost savings (2.1–3 EUR/m2/y) Lower 2,1 44

Upper 3,0 63

5a. Energy cost savings project term (25 years) Lower 16,8 354

Upper 16,8 354

5b. Add. energy cost savings over techn. lifetime (40 years) Lower 16,8 157

Upper 16,8 157
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return. In return, investments must be structured with a
very low risk profile (because of low returns). For the
business model, this will require a stable savings CF
scenario with low technical risks and simplified M&V
(c.f Bleyl et al. 2014) for the verification of the savings
CF, which is generally compatible with DER cases.
Furthermore, business cases must be structured, guaran-
teed (e.g., through performance-based energy services),
and reported in a standardized format, and aggregated in
larger volumes to reduce transaction costs.15

Conclusions

In summary, the following conclusions can be drawn
with regard to our research questions:

1. Results of the dynamic LCCBA cash flow model
provide solid grounds not only for DER business

case analysis, project structuring, and financial en-
gineering, but also for policy design (as compared
to static payback analysis or other types of simpler
economic modeling). Equally important, it can
bridge the language gap between decision makers
and other stakeholders, particularly with financial
backgrounds, such as potential DER investors.

2. For DER projects, CF from future energy cost sav-
ings alone is typically not enough to convince pri-
vate sector investors. Even with a long-term invest-
ment horizon of more than 20 years, DER is not a
stand-alone business case. However, savings CF
can be structured to co-finance DER investments
substantially by up to 85%. This approach may
open up new perspectives toward project implemen-
tation with rather small co-financing needed.

3. In addition to societal benefits, DERs can generate
tangible and quantifiable benefits on the project
level beyond energy cost savings, such as higher
rents and real estate values, maintenance cost and
CO2 savings, and higher work productivity. Despite
the challenges of exact quantification, these MPBs
can offer meaningful contributions to the

15 For approaches to standardization, certification of bankable energy
efficiency projects you may refer to the Investor Confidence Project
(ICP) (http://www.eeperformance.org/)

Table 2. Accountability of multiple project benefits of DER (in EUR/m2) to different groups of beneficiariesa

Beneficiaries

Valuation Different owner perspectives

Multiple project benefits of DER Range PV in [EUR/m2] Property develop Occupant-owner Lessor-owner Tenant

1. Work productivity increase Lower 219 – 219 – 219

Upper 439 439 439

2a. Rental income increase Lower 25 – – 25 −25
Upper 134 134 −134

2b. Building sales price increase Lower 100 100 [100] [100] –
Upper 260 260 [260] [260]

3. CO2 savings Lower 6 – 6 – 6

Upper 79 79 79

4. Maintenance cost savings Lower 44 – 44 44 –
Upper 63 63 63

5a. Energy cost savings project Lower 354 – 354 – 354

Upper 354 354 354

5b. Add. energy cost savings over techn. lifetime Lower 157 – 157 – [157]

Upper 157 157 [157]

Totals Lower 100 780 69 554

Upper 260 1092 197 738

a Except for the Bproperty developer,^ the values in 2b. for the building sales price are in parentheses and not co1nsidered in the totals,
because they depend on the time of sale; similar logic for 5b Btenant^ values
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attractiveness of a business case. Moreover they can
help to identify strategic allies for DER programs
and project development. However, the well-known
Bsplit incentive^ dilemma requires differentiation
between tenants and different types of investors.
Use of a simple classification grid such as that in
Fig. 2 can help determine appropriate treatment of
individual benefits.

4. Currently, low interest rates provide a huge oppor-
tunity for capital-intensive programs. However, for
a meaningful DER implementation strategy includ-
ing private sector financial engagement, policy-
makers would need to define clear and mandatory
goals (e.g., minimum renovation rates), remove bar-
riers to private sector involvement (e.g., revise
EUROSTAT accounting rules for public debt of
which the latest Guidance Note dated 19 September
2017 can be considered a step in the right direction),
and increase investment security and structure pol-
icy frameworks that allow ‘internalization^ of MPB
values into the business case (e.g., creating econom-
ic incentives for a wider range of impacts, taking
measures to raise EUETS prices, allowing investors
to capitalize from OPEX reductions through higher
rents) in order to achieve 2050 climate goals. An-
other important issue to foster investor appetites is
the streamlining of due diligence processes as re-
quested by the Energy Efficiency Financial Institu-
tions Group (EEFIG)16 and implemented by the
Investor Confidence Project or the Small Enterprise
Assistance Fund (SEAF).17 Also, reducing CF risks
by agreeing on simplified M&V procedures would
decrease investor risk perspectives.

The approach to combining energy cost savings
with the added values of MPBs to enhance DER
business cases appears to be promising. Neverthe-
less, work remains to be done: (1) an encouraging
and stable DER policy framework is needed; (2)
concertation with potential long-term and Bgreen^
investors (e.g., institutional investors like pension
funds or the like) and project developers; and (3)
enhancement of the MPB quantification approaches
which could also be incorporated in performance-
based services. The proposed classification ap-
proach for MPBs may be helpful to structure and

analyze future MPBs research and project imple-
mentation. In any case, not only other DER pro-
jects but also policy programs can build on the
methodological approach of this paper to assess
project cash flows and incorporate MPB.
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